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(57) Abstract 

An apparatus for the preparation of an 
agglomerated material from a powder or a 
liquid or both and having a trough-shaped 
fluidizing path, in the bottom part of which 
fhiidization gas is blown in with an essential 
component directed towards the centre One 
of the bottom of the path, gives a very 
advantageous material Mow, which makes 
an effective agglomeration possible under 
attainment of superior product properties. 
The apparatus makes it possible by a process 
according to the invention to carry through 
the agglomeration with a particularly big 
powder humidity and a subsequent low re- 
humidification. 
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AN APPARATUS AND A PROCESS FOR THE PREPARATION OF AN 
AGGLOMERATED MATERIAL 

The invention relates to an apparatus for the 
5 preparation of an agglomerated material from a powder or a 
liquid or both and a process for such r an agglomeration by 
use of the apparatus. 

An increasing and widespread interest in the 
agglomeration of powdery materials exist within a large 

10 number of industries including the chemical and 
pharmaceutical industries not to mention the food industry. 

There may be many reasons why it is desirable to 
transform a powdery material consisting of fine particles 
into a product consisting of relatively big, preferably 

15 homogenous agglomerates. As examples of such reasons may be 
mentioned the attainment of dust-elimination, free flowing 
property and a desired appearance as well, in particular in 
respect of foodstuff and feeding stuff products, the 
attainment of a good reconstitution ability, i.e. the 

20 ability to, without any essential mechanical stirring, 
quickly regenerate a liquid product corresponding to the 
one, on basis of which the powdery product was originally 
prepared. This ability to easily reconstitute is dependent 
on the ability of the material, when in contact with a 

25 liquid, to disperge, to be humidified and to dissolve, and 
particularly in respect of the dispersibility of powdery 
foodstuff and feeding stuff comparatively big homogenous 
agglomerates are desirable. 

Various different processes and apparatuses are known 

30 for agglomerating powdery materials either in connection 
with the production thereof or as a subsequent processing 
step. 

Processes of this type will in connection with an 
atomization drying typically result in fine particles 
35 formed by the atomization drying being brought back to the 
atomization zone thereby getting in contact with atomized 
droplets, or only partially dried and therefore tacky 
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particles, with which they are united. This back flow to 
the atomization zone, however, results in the fine, 
relative dry particles conveyed back being brought in 
contact with the hot drying gas and consequently exposed to 
5 damage from heat, as they, unlike the atomized droplets, 
are not protected against this throughr the cooling caused 
by the evaporation of liquid. This entails that in 
connection with such an atomization drying an agglomeration 
is not normally carried out to an extent, which might 
10 actually be desirable. 

For this reason, among others, it is usual to carry 
out the agglomeration as a separate after-processing. 

Other reasons why it may be desirable to carry out 
the agglomeration as a separate after-processing are that 
15 hereby an increased operational reliability and flexibility 
and a better control of the product quality is attained. 
Furthermore, the use of a separate agglomeration step makes 
it possible in connection therewith to admix other 
components, for instance compounds which would be damaged 
20 by passing through the atomization dryer, or which in 
advance are present as powder. Finally, agglomeration as a 
separate after-processing step is used, when it is desired 
to use existing atomization drying plants which deliver 
unagglomerated products in connection with the preparation 
25 of agglomerated products. 

Such an agglomeration in a separate step may be 
carried out in accordance with differing principles 
depending on the desired product properties, for instance 
by spraying on of a liquid during mechanical processing, 
30 when compact agglomerates are desired, or by spraying a 
liquid on the powdery material when it is present in a 
fluidized bed. 

The present invention is related to agglomeration 
according to the last-mentioned principle. 
35 In a typical embodiment of a process using this 

principle the powdery material is introduced into the 
fluidized bed with a moisture content so low that an 
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effective fluidization of the material is secured by means 
of the fluidizing ability inherent in the bed in question. 

The f luidized powder will then by passing a number of 
successive nozzles and intermediary areas without nozzles 
5 alternatingly be humifified for the attainment of an 
agglomeration-enhancing moisture content and then dried to 
ensure the f luidizability of the powdery material and for 
stabilizing the attained agglomerated before passing the 
next nozzle, where a re-humidif ication takes place, then 

10 agglomeration again and renewed drying, which cycle is 
typically repeated several times. 

On account of the limited fluidization ability of the 
known agglomeration apparatus it has in such processes been 
necessary to carry out a substantial drying of the powder 

15 during and between its passing the nozzles. This has, 
however, entailed that the demand to re-humidif ication at 
the individual nozzle passages has increased in order to 
attain for a short period the necessary moisture content 
for the agglomeation, the material of the individual 

20 agglomerates being during the passage through the f luidized 
bed exposed to a number of fairly extensive re-humidifying 
and drying steps. 

These extensive re-humidif ication and drying steps 
have, however, in respect of many materials, an undesirable 

25 influence on the quality of the resulting product. 

Thus, if fatty food products, such as whole milk 
powder, fatty whey products, calves forage, baby food and 
the like are processed, these steps will result in an 
increased amount of the. fat of the product reaching the 

30 surface of the particles, which results in the content of 
so-called free fat becoming too big, whereby its ability to 
be humidified by water becomes too small, and in the worst 
case an increase of the risk of fat drops forming when 
stirred into water occurs. 

35 Moreover, these re-humif ication steps, which due to 

the fact that the intermediate drying steps are to be 
carried through for the attainment or the maintenance of an 
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easy f luidizability of the powder, have to be extensive, 
may result in a deterioration of the quality of the 
product, due to the fact that the dissolution and 
evaporation processes on the surface of the particles 
5 destroy their porous structure. 

It has now turned out that better product properties 
can be attained, and moreover a number of other advantages, 
by using a special apparatus for the agglomeration, which 
makes it possible to maintain an increased moisture content 

10 in the powdery material during the agglomerating processes. 

By designing the apparatus in such a way that it is 
able to ensure an effective and controlled fluidization of 
the material, even though it has a big moisture content, 
the number of re-humidif ication steps can be considerably 

15 reduced to comprise only a smaller addition of liquid, and 
the abovementioned deterioration of the product quality 
caused by the re-humidif ication steps can be avoided. 

To this may be added that the apparatus according to 
the invention, among others due to the fact that the ratio 

20 between its width and its length is very big, makes it 
possible to obtain large agglomerates with a narrow 
particle size distribution, which will often make 
subsequent classification operations with a possible return 
of too big particles, after their grinding, or too small 

25 particles, superfluous. 

The apparatus according to te invention makes as 
mentioned a very effective fluidization possible, and this 
does not only entail the above advantages on account of the 
reduced need for re-humidif ication, but further makes it 

30 possible to process materials, which for other reasons than 
their moisture content are difficult to fluidize. This 
applies in particular to very fine-grained, cohesive 
powders. 

It is furthermore an advantage of the apparatus 
35 according to the invention that contrary to what is the 
case in conventional fluidization apparatuses it makes a 
homogenous treatment of particles with unhomgenous particle 
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size possible, as these particles, which will appear from 
below, pass the apparatus in a path, which is to a great 
extent independent from the particle size. 

The last-named property of the apparatus in 
5 combination with the very strong movement, to which the 
material to be processed is exposed in the apparatus, makes 
it suitable for treatments, in which also a mixing of 
different components takes place. 

Other advantages of the apparatus according to the 

10 invention will appear from the following description. 

According to the above the invention relates to an 
apparatus for the preparation of an agglomerated material 
from a powder or a liquid or both and comprises a 
perforated plate and means to provide through its 

15 perforations a flow of fluidizing and drying gas and 
possibly cooling gas, sufficient for keeping a powdery 
material in a f luidized state in a zone immediately above 
the plate, outlets for agglomerated material and at least 
one nozzle for spraying an atomized liquid on the f luidized 

20 powder, which apparatus is characteristic in that the 
perforated plate is designed in such a way that it together 
with non-perforated side walls forms a trough-shaped path 
leading to said outlets, the perforated plate forming the 
bottom of the trough-shaped path, and in that a substantial 

25 part of the perforations of the perforated plate is 
directed such that the fludizing gas and the drying or 
cooling gas after passage through each of these flow in a 
direction parallel with the longitudinal direction of the 
trough-shaped path and towards the outlets for agglomerated 

30 material or in a direction perpendicular thereto towards a 
centre line in the path or in a direction between these two 
directions, the gas flow from the perforations being 
adapted to co-operate for the attainment of a conveyance of 
material to the outlets through the trough-shaped path, 

35 where the material during its conveyance along the path is 
whirled upwards above its centre line and flows down along 
the side walls. 
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The starting material may as mentioned be a powder, 
in which case the apparatus is provided with inlets for 
powder to said zone above the perforated plate, which 
inlets are positioned at a distance from the outlets. If 
5 the starting material is a solution or a suspension it is 
introduced through at least one nozzle^ 

The trough-shaped path, the bottom part of which is 
constituted by the perforated plate, is preferably designed 
with a length which is several times greater than the width 

10 of the path, for the attainment of a typical plug flow of 
the material without essential back flow, a homogenous 
treatment of the individual particles being thus attained. 

The trough-shape of the path ensures together with 
the described orientation of the perforations in the 

15 perforated plate serving as air distributor that the main 
pattern of movement of the material in the apparatus is a 
double-whirl movement, in which the material flows along 
the bottom towards the centre line of the path, and in 
which the flow becomes upwardly directed and at a certain 

20 distance from the bottom turns outwards against the sides 
and downwards along the side walls. As at least some of the 
perforations lead the gas flow in a direction either 
directed against or with some component against the outlet 
for processed material, the material is simultaneously with 

25 the quick whirl movement subjected to a slow displacement 
throught the whole of the trough-shaped path of the 
apparatus. 

The quick whirl movement, which has the effect that 
the fluidizing gas flows at a comparatively big velocity 

30 along the bottom of the trough-shaped path, as well as the 
fact that the trough-shaped path, contrary to the 
constructions normally used for related purposes, does not 
have socalled "dead" areas, where tacky powdery material 
deposits, has the effect that by use of the apparatus 

35 agglomerating processes can be carried through, in which in 
the initiating phases a substantially bigger moisture 
content is maintained in the powder than what has been 
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possible by the conventional apparatuses. 

By working with such an increased moisture content, 
the drawbacks related to a heavy re-humidif ication can to 
an essential degree be avoided, cf . the above. 
5 The perforated plate at the bottom of the trough- 

shaped path may be designed in many -ways. Preferably, it 
comprises a lower part which is a substantially 
horizontally perforated plate extending centrally 
throughout the length of the apparatus, and two oblique 

10 perforated plates extending on either side of the 
horizontal plate and connecting the latter with the two 
non-perforated side walls. 

Alternatively, the perforated plate is constituted by 
a plate with a curved cross-section profile connecting the 

15 two non-perforated side walls. 

It is, however, also possible by means of the 
directionally controlled blowing in of the f luidizing air 
through the perforated plate to attain the desired flow 
pattern, for which reason the perforated plate may be only 

20 a horizontal plate extendng between the two non-perforated 
side walls. 

In a preferred embodiment of the apparatus according 
to the invention the nozzle/nozzles which is/are used for 
spraying liquid on to the powdery material are positioned 

25 centrally in the very zone, in which the f luidized material 
is present during the operation of the apparatus, and is 
upwardly directed. Hereby is achieved partly that the 
nozzles to an extensive degree are kept clean from the 
upwards flow of powder and gas, partly that the nozzles 

30 contribute to the desired whirl movement, in particular in 
case of two-component nozzles, such being preferred, when 
the. atomization pressure air emanating from the nozzles 
enhances the upward flow around the nozzles. 

The nozzles are intended , when the starting material 

35 is a powder, to supply an auxiliary liquid enhancing the 
agglomeration and perhaps enhancing the attainment of 
further desired properties of the product, for instance by 
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coating. When the starting material is a solution or a 
suspension, the nozzles are used for atomization thereof on 
particles already formed in the fluidizing bed. 

Preferred embodiments of the apparatus according to 
5 the invention are the subject of the sub-claims and will be 
explained in detail in the fol lowing. jw*th reference to the 
drawing. 

It should be noted that the use of the perforated gas 
distributing plate with a directional supply of 

10 f luidization air under the attainment of a whirl movement 
pattern is known per se, also in connection with non-planar 
air distributing plates, see US Patent No. 4,033,555, but 
said prior art relates to apparatuses for use for a quite 
different purpose than agglomeration, viz. apparatuses 

15 aiming on the contrary at a disintegration of mutually 
adhesive particles, a purpose almost opposite to the one 
aimed at by the present invention. 

It is on this background particularly surprising that 
by use of the apparatus according to the invention it is 

20 possible to achieve particularly big agglomerates, in 
respect of foodstuff thus typically up to 5-600 /ra and in 
respect of some products up to several mm, as it would have 
been expected that the strong whirl movement on the 
contrary would entail disintegration of such big 

2 5 agglomerates . 

The invention also relates to a process for 
agglomeration of a powdery material by use of the apparatus 
in question, said process being characteristic in that 
by controlling one or more parameters chosen among: 

30 moisture content of the starting material and the amount 
thereof, amount of atomized liquid, sprayed on the 
fluidized powder, amount of f ludization and drying gas and 
temperature and moisture thereof, a greater moisture 
content is maintained in the fluidized powdery material 

35 than what would have been the maximally possible moisture 
content by conventional f luidization with only vertically 
directed fluidization gas of the powdery material in 
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question . 

The invention is described in detail in the following 
with reference to the drawing, in which 

Fig* 1 is a schematic cross-sectional view of an 
5 embodiment of an apparatus according to the invention, 

Fig. 2 is a schematic cross-sectional view through 
the same embodiment along the line II-II of Fig. 1, 

Fig. 3 is a schematic horizontal view seen from above 
through the same embodiment, taken along the line III-III 

10 of Fig. 1, and 

Fig. 4 schematically shows a sectional view of 
another embodiment of a part of the apparatus corresponding 
to the one shown in Fig. 3. 

In Figs. 1-3 a sectional view of an embodiment of an 

15 apparatus according to the invention is shown with a 
housing 1, in which a perforated air distributing plate 2 
is provided, said plate in the embodiment shown being 
constituted by a horizontal plane section 3 and two oblique 
plane sections 4. 

20 The perforations are in the embodiment shown so- 

called gill slits designed for instance as described in EP- 
A-474949. 

As an alternative to the design of the air 
distributing plate 2 it may be designed as a plate evenly 
25 curved around its longitudinal axis, or it may, less 
preferred, be plane. 

Below this plate a plenum chamber is provided, said 
chamber being divided in sections 5, 6, 7 by partition 
walls, to which through the ducts 8, 9, 10 fluidizing gas 
30 is supplied, for instance hot drying air through the ducts 
8 and 9 and unheated cooling air through the duct 10. 

Above the air distributing plate 2 a row of filters 
11 are provided in the embodiment shown, through which 
filters the leaving gas flow passes in such a way that the 
35 fine particles entrained therewith are separated and fall 
back on the central part or the front part of the 
perforated plate. 
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Alternatively, the leaving gas with entrained 
particles is let out from the housing 1 and a removal of 
particles may take place in a separate plant (not shown) 
with possible subsequent back flow of the particles to the 

5 fluidized bed. 

In the embodiment shown in Figs. 1-3 a tubular 
construction 12 extends immediately above the centre line 
in section 3 for supply of moisturing liquid and 
atomization pressure gas or vapour. 
10 This tubular construction carries a number of 

upwardly directed two-component nozzles 13. 

Alternatively, these nozzles may be introduced from 
the bottom through the air distributing plate 2 and may for 
instance discharge in level with the upper surface of the 
15 horizontal section 3 or be taken somewhat above it. Such an 
embodiment is outlined in Fig. 4, which will be explained 
in detail in the following. 

In one end of the apparatus inlet means 14 are 
provided for the introduction of the powdery material which 
20 is to be agglomerated to a zone positioned immediately 
above the air distributing plate 2, whereas in the opposite 
end of the apparatus outlet means 15 for the agglomerated 
product are provided. 

If the apparatus is to be exclusively used for 
25 processes, in which the starting material is solely liquid, 
i.e. a solution or a suspension, the inlet means 14 may be 
omitted. 

During the operation of the apparatus the powdery 
material to be processed is continuously supplied through 
30 14, and fluidization gas is as mentioned supplied through 
the ducts 8, 9, and 10. 

In the embodiment shown of the air distributing plate 
the openings in the central, horizontal section are 
directed in such a way that the gas exits therefrom 
35 parallel to the longitudinal direction of the air 
distributing plate and in a direction towards the outlet 
means 15 for agglomerate. The gas which leaves through the 
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openings in the two oblique sections 4 is, however, 
directed perpendicularly thereto and is in respect of each 
section 4 directed towards the centre line of the air 
distributing plate. The gas from the two sections 4 will 
5 thus substantially impart a movement pattern to the powder 
introduced like the one shown in Fig.r2, whereas the gas 
departing through the openings in the horizontal section 2 
ensures the conveyance of the material longitudinally 
through the apparatus. This combination is considered 

10 particularly advantageous as big agglomerates and lumps, if 
any, will fall down towards section 3 and will there be 
subjected to a quick conveyance towards the outlet means 15 
in such a way that they quickly leave the apparatus without 
participating in any further formation of agglomerate. 

15 Alternatively, the orientation of the openings of the 

plate may be identical within each half of the plate, the 
gas being substantially directed towards the centre line of 
the plate, but with some component towards the outlets. 

When the powdery material in the trough-shaped path 

20 formed by the air distributing plate 2 and side walls 16 
performs the whirl movement shown in Fig. 2, it will during 
the upwards movement in the central part be subjected to a 
very homogenous moisturing from the liquid atomized from 
the nozzles 13. 

25 This fact that the moisturing may be performed very 

homogenously with only a slight risk of local over- 
moisturing results in that during operation of the 
apparatus it becomes possible to work with a powder 
moisture content close to the maximum acceptable level, 

30 said level being besides very high on account of the 
particularly good fluidization properties of the apparatus. 

This has the effect that the powdery material may 
either be introduced with big humidity, or operation may be 
carried out with such a low drying capacity of the 

35 fluidization air that a big powder moisture is 
maintained/ attained in the agglomeration phase, and only a 
supply of a fairly small amount of liquid is required for 
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re-moisturing the material. 

in the sectional view shown in Fig. 4 the sections 16 
correspond in principle to the sections 4 of the embodiment 
shown in Figs. 1-3, whereas the section 17 corresponds to 
5 section 3 and is thus a horizontal plate. The orientation 
of the openings of the sections 16 and 17 corresponds to 
what is described in connection with Figs. 1-3. Up through 
the section 17 a nozzle extends, which through a tubular 
construction 19 below the perforated plate supplies 

10 moisturing liquid and pressure gas or vapour to the nozzle 
18. Around the nozzle in section 17 a ring of openings 20 
is provided, which supplies gas from the underlying plenum 
chamber in a direction away from the nozzle. Hereby is 
achieved that the amount of circulating powder in the area 

15 immediately around and in front of the nozzle is reduced, 
in such a way that partly depositing of powder on the 
nozzle with subsequent deterioration of the atomization is 
avoided, and partly the risk of local over-humidification 
of powder immediately in front of the nozzle opening is 

20 reduced. 

in the sections 16 and 4, but preferably in the 
sections 17 and 3, vertical holes may further be provided, 
through which part of the fluidizing air may pass, for 
instance with a view to increasing the centrally upwards 

25 flow in the fluidizing powdery layer. 

The apparatus according to the invention is, as will 
be seen, particularly suited for carrying out the process 
described, in which a high moisture percentage in the 
powdery material is maintained during agglomeration, and 

30 hereby it is made posible to attain product properties 
which in respect of the size of agglomerates and 
distribution of the size of agglomerates are superior over 
the prior art, as big agglomerates are attained with such 
a narrow distribution of grain-size that a subsequent 

35 classification is made superfluous. To this may be added 
that the product is attained without the deterioration of 
quality which may be caused by heavy re-humidification, and 
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that the agglomerates may be obtained with a desired 
physical strength which allows handling and transport 
without decomposition, the binding together of the 
individual particles being at the same time not so strong 
5 that their disintegration during reconstitution in the 
liquid phase is delayed or hindered.: r 

The good f luidization properties of the apparatus and 
the movement of pattern for the material therein, which is 
characteristic in two partially united, parallel helical 

10 paths extending in the longitudinal direction of the 
apparatus, ensure a good mixing of the material, the 
movement through the apparatus, seen in the longitudinal 
direction, being simultaneously essentially a plug flow 
without essential back flow, in such a way that the good 

15 mixing properties of the apparatus are not attained at the 
expense of the advantages in respect of a homogenous 
treatment caused by the plug flow. 

The liquid atomized through the nozzles 13 may be 
water, where this is sufficient for imparting a sufficient 

20 mutual adhesion to the powdery particles. However, the 
liquid fluidized through said nozzles may also be a 
solution, a suspension or an emulsion, at the drying of 
which compounds remain, which further the formation of 
agglomerates or impart the necessary strength thereto or 

25 which form a coating on the particles present in the 
apparatus for improving their properties, such as is known 
within many industries, including the pharmaceutical 
industry and the detergent industry. The coating may either 
be carried out with the same compound, of which the 

30 particles or part of these are constituted, or it may be 
formed by means of an auxiliary compound of another type, 
for. instance with a film-forming polymer. 

Typically, but not necessary, such a coating 
operation may take place in the lower part of the 

35 apparatus, with respect to the flow direction of the 
material. 

If the liquid supplied through the nozzles is a 
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solution, a suspension or an emulsion of the material to 
constitute the final product, the ratio between the 
material, which is introduced into the apparatus as a 
powder, and the material which is introduced as a liquid, 
5 may vary within so wide limits that the total amount of 
solid may be introduced with the: liquid through the 
nozzles, the apparatus thus functioning as an actual drying 
apparatus and the good fluidization properties and the 
homogenous particle treatment being also in this case of 

10 essential importance. If the whole amount of solid of the 
end product is supplied with the liquid phase sprayed in 
through the nozzles, it is apparently not necessary to 
provide the apparatus with the above described and in the 
claims mentioned inlet means 14 for powdery material. 

15 The apparatus according to the invention may be 

designed in such a way that it comprises a number of 
parallel trough-shaped paths, each comprising a perforated 
plate and being mutually separated by vertical or steeply 
slanting side walls, said paths being connected in series 

20 for passage of powder or agglomerate therethrough. 

Furthermore, the invention may be carried out in 
conncection with processes similar to the known "Multi 
Stage Drying", i.e. a process, in which a fluidized bed 
built together with an atomization plant is used, the 

25 product therefrom being directly received in the fluidized 
bed. 

In the last-named embodiment the apparatus according 
to the invention is characeristic in comprising an 
atomization drying chamber with a bottom section, the lower 

30 part of which constitutes said inlets for powdery material 
to the zone above the air distributing plate. As it is 
important for the effective fluidization and in particular 
the important plug flow that the length of the trough- 
shaped path is great compared to its width, it is preferred 

35 in said embodiment in which the fluidized bed is connected 
directly to an atomization chamber that the apparatus 
comprises at least two parallelly extending trough-shaped 
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paths, said paths each having an end extending under said 
bottom section of the atomization drying chamber for direct 
receipt of powdery material therefrom. The fluidization 
gas, which leaves this fluidized bed, may in this case be 

5 recovered together with the used atomization drying gas 
from the atomization drying chamber, -but it may, in order 
to avoid introducing the relatively cool fluidization gas 
in the chamber, be advantageous to use a separate outlet 
for the fluidization gas. 

.0 The invention is described in detail with reference 

to the following examples. 



Example 1 

In this example an apparatus according to the 
15 invention was used, in which the perforated plate was 
substantially horiziontal but had upwardly bent edges 
united with the nearly vertical side walls of the trough- 
shaped path. The width of the perforated plate was 32 cm, 
and the total length of the trough-shaped path comprising 
20 six plate units was 15 m, divided into a first section of 
2.5 m, a second section of 5 m, and a third section of 7.5 
m. 

The perforations of the plate were so-called gill 
slits, which were all directed towards the centre line of 
25 the perforated plate with a small component in the 
longitudinal direction of the path towards the outlet for 
finished agglomerate. 

A fatty milk substitute consisting of a mixture of a 
number of different ingredients was used as starting 
30 material. 

The particle size distribution of this starting 
material was as follows: 

% < 75 urn: 34 d 1Q : 10% < 30 urn 

% < 150 urn: 66 d 5Q : 50% < 105 urn 

35 % < 250 urn: 87 d 9Q : 90% < 265 um 

% < 425 um: 100 

% < 600 um: 100 span : (<* 90 ~ d io* ' d 50 = 2#24 
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% < 710 um: 100 

The amount of free fat in the starting material was 

1.71%. 

5 Fluidizing air at a temperature of 75*C was led to 

the apparatus, which resulted in a powder temperature in 

the range of 30°C to 35°C through the apparatus. 

The milk substitute was added in an amount of 3500 

kg/hour, and spraying of water through the nozzles only 
10 corresponded to 8% of the amount of powder introduced. 

The resulting agglomerate had, when recovered 

directly from the agglomeration appraatus, i.e. without 

subsequent classification, the following particle size 

distribution: 
15 % < 75 um: 5 

% < 150 um: 23 

% < 250 um: 49 

% < 425 um: 84 

% < 600 um: 99 
20 % < 710 um: 100 

The content of the agglomerated product of free fat 
was 1.45%. This decrease of the amount of free fat must be 
attributed to the fact that the agglomerated final product 

25 had a smaller surface than the starting material, but 
although this fact is taken into account, the analyses of 
free fat can be taken as a proof that the increase of the 
amount of free fat on the individual particles, which 
occurs by conventional processes with a more intensive re- 

30 humification, has been substantially avoided by use of the 
apparatus according to the invention. 

Comparing the results with those of known processes 
for agglomeration it is notable that the product obtained 
has a quite narrow particle size distribution, which is 

35 particular excelling by the absence of very big particles. 
A product like the one in question agglomerated in a 
conventional way would typically have a substantially wider 



d 1Q : 10% < 90 um 
d Crt : 50% < 255 um 
d gQ : 90% < 470 um 

span = (d 90 -d 10 )/d 50 = 1.50 
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particle size distribution, which would be expressed in 
that the span-value would typically be 2.0 or more. 

Example 2 

5 The same apparatus as the one described in Example 1 

was used f and the staring material was also here a fatty 
milk substitute, and the agglomeration liquid was water. 

For agglomeration of 1500 kg/hour starting material 
165 kg/hour water was sprayed on corresponding to 11% of 
10 the starting material. 

The inlet temperature of the fluidizing gas was 60 °C, 
and the powder temperture through the plant was in the 
range of 30°C to 35°C. 

The particle size distribution of the end material 
15 was determined after the passage of the material through 
the first section, after its passage through the second 
section and in the end product. 

The results were as follows: 



20 



25 



d 9Q : 90% < d, jra 

d 50 : 50% < d ' 
d 1Q : 10% < d, ixm 

Span = 

< d 90~ d 10 )/d 50 



Starting 


Section 


Section 


End 


material 


1 


1 


product 


255 


475 


532 


653 


93 


230 


291 


380 


26 


72 


109 


174 


2.46 


1.76 


1.45 


1.26 



It appears from these results that the agglomeration 
30 taking place during the passage of the material through the 
apparatus does not only entail a quite considerable 
increase of the average particle size but also that during 
this pasage a desired narrowing of the particle size 
distribution occurs. 



WO 9503865 



PCT/DK94/00429 



18 

CLAIMS 



1. An apparatus for the preparation of an agglomerated 
material from a powder or a liquid or both, and comprising 
5 a perforated plate (2) and means (5, 6, 7, and 8, 9, 10) to 
provide through its perforations a flow of fluidizing and 
drying gas and possibly cooling gas, sufficient for keeping 
a powdery material in a fluidized state in a zone 
immediately above the plate, outlet means (15) for 

10 agglomerated material and at least one nozzle (13) for 
spraying an atomized liquid on the fluidized powder, 
characterized in that the perforated plate 
(2) is designed in such a way that together with non- 
perforated side walls (16) it forms a trough-shaped path 

15 leading to said outlet means (15) , the perforated plate (2) 
forming the bottom of the trough-shaped path, that a 
substantial part of the perforations of the perforated 
plate (2) is directed such that the fluidizing gas and the 
drying or cooling gas after passage through each of these 

20 flow in a direction parallel to the longitudinal direction 
of the trough-shaped path and towards the outlet means (15) 
for agglomerated material or in a direction perpendicular 
thereto towards a centre line in the path or in a direction 
between these two directions, the gas flow from the 

25 perforations being adapted to co-operate for the attainment 
of a conveyance of material to the outlet means (15) 
through the trough-shaped path, wherein the material during 
its conveyance along the path is whirled upwards above its 
centre line and flows down along the side walls (16) . 

30 2. An apparatus according to claim 1 for agglomeration 
of a powder, characterized in that inlet means 
(14) for powder to said zone are provided at a distance 
from the outlet means (15) . 

3. An apparatus according to claim 1, character- 
35 i z e d in that the perforated plate (2) comprises a lower 
part which is a substantially horizontally perforated plate 
(3) extending centrally throughout the length of the 
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apparatus, and two oblique perforated plates (4) extending 
on either side of the horizontal plate (3) and connecting 
the latter with the two non-perforated side walls (16). 

4. An apparatus according to claim 1, character- 
5 i z e d in that the perforated plate is a plate having a 

curved cross-section profile connecting the two non- 
perforated side walls (16) . 

5. An apparatus according to claim 1, character- 
ized in that the perforated plate is a horizontal plate 

10 extending between the two non-perforated side walls (16) . 

6. An aparatus according to claim 1, character- 
ized in that said at least one nozzle is positioned in 
the centre plane of the trough-shaped path and in the zone, 
in which the fluidized material is present during the 

15 operation of the apparatus, and in that it is directed 
upwards - 

7. An apparatus according to claim 6, character- 
ized in that said at least one nozzle consists of a 
number of two-component nozzles (13) . 

20 8. An apparatus according to claim 3, charact- 
erized in that the perforations of the horizontal 
plate (3) are directed in such a way that they supply 
f luidization gas completely or substantially in a direction 
parallel to the centre line of the trough-shaped path and 

25 towards the outlet means (15) , whereas the perforations of 
the oblique perforated plates (4) are directed in such a 
way that they supply gas completely or substantially in 
directions perpendicular to the centre line. 

9. An apparatus according to any of the preceding 
30 claims, characterized in that it comprises a 

number of paths put parallelly together , each path 
comprising a perforated plate, which paths are mutually 
separated by vertical or steeply slanting sidewalls and 
connected in series for passage therethrough of powder or 
3 5 agglomerates . 

10. An apparatus according to any of the claims 1-8, 
characterized in comprising an atomization 
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10 



drying chamber with a bottom section, the lower part of 
which constitutes said inlet means. 

11. An apparatus according to claim 10, c h a r a c t- 
e r i z e d in that it comprises at least two parallelly 
extending paths leading to common outlets, said paths 
having each an end extending under said bottom section for 
direct receipt of powdery material from the atomization 
drying chamber. 

12. An apparatus according to claims 7 or 8, 
characterized in being provided with means for 
supplying an air flow around said at least one nozzle (18) 
to reduce the amount of powder immediately in front of the 
nozzle opening. 

13. A process for agglomeration by use of an apparatus 
15 according to any of the preceding claims, charact- 
erized in that by controlling one or more parameters 
chosen among: moisture content of the starting material and 
the amount thereof, amount of atomized liquid, sprayed on 
the fluidized powder, amount of fludization and drying gas 

20 and temperature and humidity thereof, a greater moisture 
content is maintained during agglomeration in the fluidized 
powdery material than what would have been the maximally 
possible moisture content by conventional fluidization of 
the powdery material in question without the special powder 

25 and agglomerate flow conditioned by the construction of the 
apparatus. 



WO 95/13865 



PCT/DK94/00429 



1/2 



V 



J t l_j 



r 



i7 
/? 



6 



9^*1 n^f 



1 



m 



^15 




FIB. 2 



BEST AVAILABLE COPY 



WO 95/13865 



PCI7DK94/00429 



2/2 



0 17 1 

/ 



9000 
o oo 



»OOOVO O O O OO O O O OO** 
0000990 O O OO O O o » ©/ 
>oo o o o o o o o vvj*** 9 ** 

- OO o o o o o o oo v o o v o ol 

« o <y o v o o_.o_o • ■ 



v o/o o o o o ^-o -o oo«v* i 

'Voooooovovv 
r o oo o o o xr o o o 
vo oooooovo^ 



T O/ 



.^■^.s;^t.!.!- ;.f-;'^^M.i.;.!.i.;.i.K';.;w;wwi 



O ftO A A AAA A A 



ft A AAA' 



H __-~A AAAAA 
LA AAA A A A Aj A/ 
»A>AAAAAA A A 4 
kAAAAAAAA aa 



. A A A A A A A A 
A A A A A A A A A 
b A A AAAAA 
A. A A A A A A A 
» A A A AAA A A 



f/6J 



^ "CT "O* ^ 

^7 'cr ^7 u v 
v v V v v 

^7 V ^ V 7j 

f^7 V V V V ^7 

t7 ^7 V V 
V *V ^7 V \7 ^ 
IT ^7 V ^7 V V V 




f /i |^| £± a 

^ ^ 4^ a 

c± a \£± 1 ^ *± 

EL /X A 

£1 A Z\ .A. 





BEST AVAILABLE COPY 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/DK 94/00429 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: B01J 2/16 

According to International Patent Classification (IPC) or to both national classification and IPC 



B, FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: B01J, A23G 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and* where practicable, search terms used) 



WPI, CLAIMS 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP, A2, 0436787 (HOTTLIN, HERBERT), 17 July 1991 

(17.07.91), column 7, line 28 - column 8, line 5, 
figures 5,6,8 



US, A, 4749595 (TETSUZO HONDA ET AL), 7 June 1988 
(07.06.88), figure 3, claim 5 



US, A, 4033555 (LE0NG Q. FONG), 5 July 1977 
(05.07.77), figures 1,2,7,8, abstract 



US, A, 4000563 (JOHN A. CUBITT ET AL), 

4 January 1977 (04.01.77), figures 1,2,4, 
abstract 



1-7,9,12,13 



1-7,9,12,13 



1,2,4-7,9, 
12,13 



1-3 



jpj Further documents are listed in the continuation of Box C | y| See patent family annex. 



* Special categories of cited rtornrnrmr 

"A" rfocwmrat nVfinmg th* gfrneral state of the art which is not considered 

to be of particular relevance 
*E* eztier rtrmrnfrtt but published on or after the international filing date 

"L* document which may throw doubts on priority daimfs) or which is 
cited to ffrtablinh the publication date of art flft tMT citation or other 
special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or other 



octal filing date or priority 
but cited to 



*P* document published prior to the international filing date but later than 
the priority date claimed 



*I* later H rM * ii,i ynt published after the 
date and not in conflict with the a; 
the principle or theory underlying 

"X" docnxnent of particular relevance: the invention cannot be 

considered novel or cannot be considered to involve an inventive 
step when the Hf lf ' n 'Vf*T lt is taken alone 

*Y M document of particular relevance: the cfaimrri invention cancot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"&? flp^rfSt member of the same patent family 



Date of the actual completion of the international search 



14 February 1995 



Date of mailing of the international search report 

22 -02-1995 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

Marten Hulthen 

Telephone No. +46 8 782 25 00 



Form PCT/IS A/210 (second sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/DK 94/00429 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 4219589 (ANTON NIKS ET AL), 26 August 1980 
(26.08.80), figure 1, abstract 



US, A, 5211985 (ARTHUR R. SHIRLEY, JR. ET AL), 
18 May 1993 (18.05.93), figures 2,3, 
abstract 



1-13 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



31/12/94 



International application No. 
PCT/DK 94/00429 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



SE-T3- 


0436787 




AU-B- 


620739 


20/02/92 


AU-A- 


6569490 . 


11/07/91 


DE-C- 


4000572 


21/02/91 


DE-A- 


5900069 


11/02/93 


HU-B- 


207240 


29/03/93 


JP-A- 


4215831 


06/08/92 


US-A- 


5145650 


08/09/92 



EP-A2- 0436787 



17/07/91 



US-A- 4749595 


07/06/88 


JP-C- 


1772973 


14/07/93 






JP-B- 


4063729 


12/10/92 






JP-A- 


62074443 


06/04/87 


US-A- 4033555 


05/07/77 


US-A- 


3944418 


16/03/76 


US-A- 4000563 


04/01/77 


CA-A- 


1044011 


12/12/78 






DE-A- 


2506011 


21/08/75 






FR-A.B- 


2261050 


12/09/75 






GB-A- 


1504282 


15/03/78 






JP-C- 


1265831 


27/05/85 






JP-A- 


50140951 


12/11/75 






JP-B- 


59031663 


03/08/84 



US-A- 4219589 


26/08/80 


AT-B- 


363954 


10/09/81 






BE-A- 


867963 


11/12/78 






CA-A- 


1101641 


26/05/81 






DE-A.B.C 


2825039 


21/12/78 






FR-A.B- 


2393779 


05/01/79 






GB-A- 


1581761 


17/12/80 






JP-C- 


1103927 


16/07/82 






JP-A- 


54016427 


07/02/79 






JP-B- 


56047181 


07/11/81 






NL-A- 


7806213 


12/12/78 






SE-B.C- 


432362 


02/04/84 






SE-A- 


7806601 


10/12/78 


US-A- 5211985 


18/05/93 


AU-A- 


2696592 


03/05/93 






CA-A- 


2120618 


15/04/93 






EP-A- 


0607363 


27/07/94 






NO-A.D- 


941283 


08/06/94 






W0-A- 


9306941 


15/04/93 



Form PCT/ISA/210 (patent family annex) (July 1992) 



